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Many scientific and technological fields make use of biotechnology. Among the most important 
applications of biotechnology in agriculture are large-scale commercial micropropagation, genetic 
transformation and the development of transgenic varieties, embryo rescue in plant breeding programs, 
genotyping based on DNA markers, studies of genetic evolution and diversity, and genome sequencing. 
These myriad applications of modern biotechnology and molecular biology are being applied to the 
olive tree, a crop cultivated for thousands of years in many places of the world and whose products are 
consumed globally. The selection and development of olive cultivars by conventional breeding 
methods is costly and time consuming, therefore, the application of biotechnology procedures and 
techniques, such as in vitro cultivation, molecular markers, and genomic and genetic transformation in 
this species may facilitate the improvement of important traits of this crop, such as biotic and abiotic 
resistance and tolerance, yield performance and oil quality. In this review, we present current 
applications of modern biotechnology and molecular biology in olive species. 
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INTRODUCTION 
 
Olive (Olea europaea L.) is a perennial plant species that 
is widely cultivated and consumed worldwide, including in 
Brazil. The olive is of great importance in the international 
food market due to the health benefits and culinary 
qualities of its products. In addition, increasing scientific 
evidence of the beneficial properties of the regular 
consumption of olive oil has encouraged an increase in 
its consumption worldwide. For most plant species, 
including the olive tree, advances in field performance 
depend on knowledge obtained via modern 
biotechnology and molecular biology, which supports new 
and more accurate approaches in many research fields, 
including genetics, plant pathology, physiology and 
biochemistry, entomology and plant nutrition. The 
definition of biotechnology includes many concepts, but 
one  widely   used   definition   of   biotechnology   is   the  
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combination of techniques that permit the manipulation 
and use of microorganisms, plants and animals with the 
objective of developing processes and products of 
interest for people. Modern biotechnology has 
applications in diverse fields, and the products of 
biotechnology can be found in a variety of markets and 
goods, such as foods, clothing, cosmetics, 
pharmaceuticals and a number of industrial materials. 
These products are already part of the daily lives of 
common citizens, even if unconsciously so. 
Biotechnology processes are essential tools for 
increasing the quality and productivity of agriculture in 
different countries worldwide because conventional 
methods alone are inadequate to continue to achieve 
significant gains. The technologies developed in the fields 
of biotechnology and molecular biology can be combined 
with traditional approaches, such as conventional 
breeding, for the potential development of new genotypes 
with superior traits more rapidly (Sartoretto et al., 2008) 
and aggressively. This practical application of 
biotechnology  is  already  a  reality  for   crops   such   as 
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soybeans, corn and cotton. 
 
 
IN VITRO CULTURE OF OLIVE 
 
Plant tissue culture or in vitro culture has been a very 
successful technique in plant biotechnology. In vitro 
culture has been intensively studied and improved over 
the last six decades, which is now regularly adopted as a 
routine process in several plant species to accelerate the 
efficient clonal propagation of various commercial crops. 
The contributions of in vitro culture include the 
multiplication and preservation of clones with superior 
genetic and phytosanitary quality, the development of 
new cultivars by using genetic transformation methods, 
germplasm conservation, which reduces space and cost, 
and the rescue of zygotic embryos with low viability rates 
(Souza et al., 2011). In vitro culture is also an 
indispensable tool for physiological and biochemical 
studies of plant species, including wild relatives whose 
potential remains unexploited, because it allows 
researchers to replicate environmental conditions more 
reproducibly. 
In vitro culture is based on the totipotentiality of plant 
cells. The theory of totipotentiality was first proposed by 
Haberlandt in 1902 which states that each plant cell 
possesses the genetic potential to generate a new 
organism identical to the originating organism (George, 
2008). Based on this concept, a number of studies have 
been performed to investigate the capacity of plant cells 
to regenerate whole plants using artificial nutrient 
medium. For the olive, explants are cultivated in in vitro 
culture in a highly controlled environment and are 
frequently used in experiments that require a high level of 
homogeneity. In addition, in vitro culture permits the use 
of organs, tissue, or even cells as the initial explant 
source. Although, plant tissue culture is widely used for 
research purposes and is well documented in the olive, 
its commercial application remains challenging and 
almost unexplored. 
Despite low rates of success, the multiplication of the 
olive in vitro remains a major focus in many research labs 
due to its huge advantages as a large-scale cloning 
technique compared to conventional methods such as 
rooting of stem cuttings and grafting. However, the olive 
tree presents a high level of outcrossing, and therefore 
the practice of producing seedlings from seeds is avoided 
for commercial use and is used mainly with the aim of 
genetic breeding. The plants obtained from seeds 
produce genotypes different from that of the mother plant, 
and consequently, they may not exhibit the same 
agronomic qualities as the mother plant due to the 
genetic segregation. In addition, the occurrence of a 
lengthy juvenile phase in olive plants obtained from seed 
postpones the production of flowers and fruits, which, 
depending on the situation, can delay the first harvest by 
two to five years. 
 
 
 
 
The rooting of stem cuttings and grafting are often 
employed in olive orchards for the production of olive 
plantlets, although these process present low efficiency 
and are influenced by environmental factors, genetic 
constitution, nutrition and the sanitary status of the plant 
material utilized. Given these limitations, the in vitro clone 
propagation of olive may assume an important role by 
reducing or even overcoming some of these limitations 
(Rugini and Caricato, 1995). Furthermore, the 
biotechnology associated with olive tissue culture 
encompasses a myriad of widely used techniques. In the 
following topics, the application of the biotechnology 
process in olive production will be presented in detail. 
 
 
MICROPROPAGATION OF OLIVE  
 
This practice is a routine process in tissue culture and 
transgenic plant development with high practical impact 
in agriculture. Micropropagation is used frequently in 
plant species that do not respond adequately to 
conventional propagation methods. The popularization of 
this technique and the reduction of its cost have 
stimulated its application in agriculture. Additional 
advantages of micropropagation include the continuous 
generation of plant material throughout the year, 
independent of seasonal issues, the small space 
requirement, large-scale cloning of elite genotypes from a 
few stock plants, and high phytosanitary quality. 
However, the vegetative propagation of olive tree and 
other woody species by conventional methods has some 
drawbacks, mainly due to seasonal influences and the 
demand for large areas to produce buds for grafting and 
stem cuttings for plantlet rooting. The bottleneck in 
commercial cultivation of olive in Brazil is the absence of 
sufficient certified olive plantlets with adequate 
phytosanitary quality and genetic identity. In addition, the 
lack of knowledge in strategic areas of olive cultivation 
and production, such as propagation, genetic breeding, 
irrigation and fertilizer management, disease and pest 
control, and post-harvest and fruit/oil processing, is also 
an obstacle for the cultivation of this crop. 
Cost is another consideration in the installation of olive 
micropropagation facilities. The experience accumulated 
from other species, such as eucalyptus, strawberry, 
banana, floriculture and potato, has demonstrated that 
the cost required for installing and maintaining this type of 
infrastructure will decrease and that the initial capital 
investments will be compensated for by the scaling-up of 
production after a few cycles of production. The critical 
step that should be considered in in vitro olive cultivation, 
whether for commercial or research purposes, is the 
development of adequate protocols. Similar to the rooting 
of stem cuttings, in vitro rooting is very dependent on the 
genetic background and is strongly influenced by the 
olive variety used. The influence of the genetic 
background on the response to  the  environment  affects  
  
 
 
 
the intricate metabolic processes involved in plant 
development. 
Although, olive trees are not a deciduous species and 
do not exhibit characteristics such as a period of 
dormancy, a significant reduction in growth development 
occurs during the winter season, principally in regions 
with harsh winters. Olive explants exhibit variable 
responses to in vitro multiplication depending on the 
seasons in which they are collected. 
During the exponential multiplication of olive cultivated 
in vitro, a satisfactory rate of genetic homogeneity must 
be maintained. During the multiplication phase, the 
occurrence of somaclonal variation must be avoided. 
Somaclonal variation can originate from genetic or 
epigenetic events and might be induced at a high rate by 
the stress during the successive subculture of explants in 
vitro. The effects of somaclonal variation occur directly on 
the deoxyribonucleic acid (DNA) due to the breaking of 
chromatin, the unbalanced migration of the chromosome 
during mitosis, inversions, deletions, translocations, 
duplications and changes in the nucleotide sequence of 
the DNA (mutations), which are transmitted in a 
hereditary manner to the progeny. Other sources of 
variation are derived from changes in the methylation 
pattern of DNA and chromatin condensation, the 
formation of stable complexes with histone molecules 
and synthesis of non-codifying RNA (Interference RNA), 
which can result in the loss of gene function (gene 
silencing). These events are known as epigenetic effects 
and are also induced by environmental effects, such as 
the stress caused by in vitro culture. However, the 
epigenetic changes do not alter the nucleotide sequence 
of the DNA, and in plants, they are transferred asexually 
through vegetative propagation. 
Rhizogenesis (rooting) is considered as a critical step 
during in vitro plant regeneration of olive because it 
directly influences the next step, the acclimatization of the 
seedlings in an external environment (Rocha et al., 
2008). Seedlings with weak root systems have a reduced 
chance of survival because they are not able to adapt 
their root performance to balance the uptake of water 
with evapotranspiration without undergoing drying. There 
is a relation between the internal level of auxins and 
cytokinin, which is responsible for initiating the rooting 
process (George, 2008). Other variables that can affect 
the process of adventitious root formation in olive are an 
excessive osmolarity of the culture medium, low 
availability of reserve substances in the tissue, lack of 
adequate nutrients, contamination by pathogens, 
juvenility of the materials used, thickness and lignification 
of the cell wall. All of these factors, individually or in 
combination, can completely inhibit the process of 
rooting. Peixe et al. (2007) has obtained a high rate of in 
vitro rooting (87%) among seedlings of the olive cultivar 
Galega after 60 days of culture by applying two types of 
auxins. Some explants were inoculated in OM medium 
(olive  medium)   supplemented   with   4.9  µM   indole-3- 
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butyric acid (AIB), while others were immersed in a sterile 
solution containing 14.7 µM AIB for 10 s before 
inoculation in OM medium without the addition of growth 
regulators, a technique known as “pulsing”. One of the 
possible advantages of “pulsing” is avoiding constant 
exposure of the explants to the effects of auxins; 
excessive exposure to this class of growth regulators can 
inhibit rooting and induce callogenesis. 
 
 
CULTURE OF OLIVE ZYGOTIC EMBRYOS 
 
Among the techniques already cited, rescue of zygotic 
embryos using in vitro culture medium has been used for 
several purposes, such as the recovery of embryos that 
cannot germinate due to physical and chemical barriers, 
the development of plants obtained from controlled 
hybridization, the creation of genetically modified plants, 
and regeneration through organogenesis. Embryo culture 
permits the reduction of the time necessary to obtain a 
new individual, good uniformity and a high percentage of 
germination of embryos of species such as olive (Figure 
1, Souza et al., 2011). When associated with in vitro 
culture, the germination of embryos permits the 
establishment of axenic cultures, which can be used as 
an efficient model for research purposes. 
Among the desirable factors related to the donor plant 
and its fruit, the most important for embryo culture is the 
physiological maturity of the fruit. Therefore, a healthy 
donor plant with good nutritional status is required to 
obtain adequate fruits for embryo isolation. The genetic 
background of the variety utilized is also important, 
although the genetic profiles of olive zygotic embryos are 
distinct from their progenitors due to genetic 
recombination and segregation. Among the external 
factors that influence the efficiency of this procedure, the 
most important are the modification and adjustment of the 
composition of the culture medium and the environmental 
conditions during the incubation of the embryos. 
Variations in these factors can result in high or low 
percentages of germination in addition to directly 
influencing the late growth of the seedling produced 
(Souza et al., 2011). 
 
 
SOMATIC EMBRYOGENESIS IN OLIVE 
 
The propagation of olive can be achieved by using seeds, 
grafting or rooting of cutting stems. However, these 
techniques present disadvantages, including low 
regeneration and development rates, high heterogeneity 
during rooting mainly due to genetic constitution, 
sensitivity to environmental effects and genetic 
segregation, in addition to a long juvenile phase when 
plants are obtained from seeds. All of these factors, 
individually or in combination, increase the expense and 
time associated with olive propagation. 
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Figure 1. In vitro culture of olive embryos. A and B) Details of olive embryos 
isolated from physiologically mature seeds; C) seedlings of olive obtained from in 
vitro germination of isolated embryos. Source: Plant Biotechnology Laboratory 
(EPAMIG), Brazil. 
 
 
 
One option is the use of cells, tissue and organs from 
elite olive genotypes to obtain clones on a large scale. 
Somatic embryogenesis is one of the most studied and 
applied techniques in plant tissue culture, mainly for 
research purposes rather than commercial multiplication. 
Basically, this approach consists of the proliferation of 
somatic cells with posterior organization into 
differentiated and bipolar structures similar to embryos, 
without the occurrence of fertilization (gamete fusion) 
(Williams and Maheswaran, 1986). 
In theory, somatic embryogenesis in plants is divided 
into two major phases: induction and expression. When 
somatic cells are induced with chemicals or 
environmental stimulants, they can recover the ability of 
morphogenetic competence. After these structural 
changes, which are induced by external stimuli such as 
the composition of the culture medium, balance of growth 
regulators, and osmotic potential, among others inherent 
aspects of in vitro culture, cells differentiate into somatic 
embryos during the expression phase. In olive, the 
technique of somatic embryogenesis has great 
commercial potential as well as potential for use as an 
auxiliary model in areas of research, such as anatomy, 
physiology and genetics. Consequently, somatic 
embryogenesis is intensively studied (Rugini, 1998; 
Orinos and Mitrako, 1991; Rugini and Carcato, 1995) with 
the goal of solving its major bottlenecks. 
The use of somatic embryogenesis to regenerate olive 
in vitro has been reported by various research groups. 
Shibli et al. (2001) obtained satisfactory results after 
carefully studying the influence of various factors during 
the formation of somatic embryos, such as the explant 
source, the presence of osmotic agents in the medium 
and the balance of growth regulators. Lopes et al. (2009) 
verified the genetic integrity of two species of Olea using 
molecular  markers  at  the   different   steps   of   somatic  
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Figure 2. In vitro establishment of olive: A) nodal segment of olive cultivars cultured in vitro; B) development of new buds from 
nodal segments; C) formation of callus with regenerative competence and posterior development of plantlets in vitro; and D) 
detail of the beginning of the formation of embryonic structure from olive callus. Source: Plant Biotechnology Laboratory 
(EPAMIG), Brazil. 
 
 
 
embryogenesis. These authors did not detect any 
somaclonal variation, indicating that this method is a 
reliable way of multiplying olive while maintaining genetic 
integrity. Pérez-Barranco et al. (2009) used the 
embryogenesis callus of olive as source material for 
genetic transformation. In the Plant Biotechnology 
Laboratory of EPAMIG, experiments are being conducted 
to optimize protocols for the generation of somatic 
embryos of several olive varieties. Molecular markers 
such as SSR and Inter Simple Sequence Repeat (ISSR) 
are being applied to monitor the occurrence of genetic 
variation during somatic embryogenesis.  
Thus, the results indicate that olive tissues from nodal 
segments, zygotic embryos and cotyledons might be 
used as sources of explant that exhibit high levels of 
competency for the proliferation of buds. Alternatively, 
olive plantlets already established in vitro can be used as 
a source of tissue for somatic embryogenesis (Figure 2). 
Thus, the identification of more responsive olive 
genotypes for regeneration and in vitro cultivation are 
crucial because genotype-dependent responses in this 
species are well documented. 
The application of somatic embryogenesis extends all 
of the previously cited advantages of micropropagation 
by presenting an opportunity for the generation of a large 
number of plantlets of good quality and at low cost, after 
routine optimization. Somatic embryogenesis, when 
compared to other methods, requires small spaces and 
limited production time, thus assuming the status of a 
routinely adopted, facile technique. 
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Despite the advantages of somatic embryogenesis, it 
presents some limitations, such as the fusion of embryos 
or the occurrence of abnormal morphogenesis during cell 
division and the formation of genetic chimeras, in addition 
to the occurrence of somaclonal variation discussed 
earlier. However, these events can be efficiently 
monitored and controlled by evaluating the olive plantlets 
with molecular tools. 
 
 
GENETIC TRANSFORMATION OF OLIVE  
 
Conventional genetic breeding was long and is the only 
option for the development of cultivars with superior 
agronomic traits. However, the traditional method of 
genetic recombination, in which new individuals are 
crossed and selected, suffers serious drawbacks as a 
consequence of a reduction in variability in highly 
improved populations, making it more difficult to identify 
the sources of genes involved in the response to biotic 
and abiotic stress in the same species. In addition, 
incompatible crossing between genetically distinct 
progenitors limits or even prevents gene transference 
among different species. Others drawbacks, mainly for 
the genetic breeding of perennial crops such as olive, are 
the long time and large areas required for the evaluation 
and selection of promising genotypes. 
Thus, the development of genetic transformation 
methods creates new opportunities to improve plants in a 
more controlled way because it allows the direct 
introduction of selected genes obtained from any 
organism, including microorganisms, plants and animals, 
into the genome of the target plant (Perani et al., 1986). 
This possibility permits the plant breeders to overcome 
the sexual barriers between species, genera, families and 
even phyla, permitting the unrestricted exchange of 
genetic material among organisms. This technique is also 
very valuable to avoid the undesirable effects of genetic 
drag, which occurs when genes of interest are genetically 
linked to genes controlling undesirable traits. Genetic 
drag is very frequent when plant breeders use wild 
genotypes as a source of genetic variability for 
conventional hybridization. The elimination of these 
unwanted genes takes several years to be accomplished, 
delaying the recovery of the original genetic background. 
Consequently, recombinant DNA technology is used to 
improve cultivars while avoiding the need for slow 
backcrossing processes to maintain the original 
phenotype. 
Conceptually, genetic transformation is the controlled 
and stable introgression of genes directly into the 
genome of a target organism (Torres et al., 2000). 
Therefore, genetically modified plants are plants that 
express one or few exogenous genes, which may or may 
not exist in the original genome and which are obtained 
by genetic engineering techniques (Gander and 
Marcellino, 1997; Torres et al., 2000).  Transgenic  plants  
 
 
 
 
are frequently used as models in studies of gene 
expression and regulation; the role of genes in 
metabolism, biochemical and morphological pathways; 
and the response to diseases and pests, among many 
other uses. The recent adoption of transgenic plants by 
farmers for crops of commercial importance has 
promoted an agricultural revolution. The adoption of 
transgenic cultivars in commercial farms increases each 
year, and for crops such maize, cotton and soybean, the 
cultivated area of transgenic varieties is already greater 
than that of conventional varieties (James, 2009). 
The in vitro culture of plant tissue is considered an 
essential requirement for the genetic transformation of 
the majority of plant species, once cultivated in vitro, it is 
possible to regenerate complete plants from one unique 
genetically modified cell altered by the introgression of a 
stable external gene (Pasquali and Zanettini, 2007; 
Sartoretto et al., 2008). However, the unavailability of an 
efficient technique for genetic transformation in olive has 
limited the widespread adoption of this technology in this 
species, principally due to the recalcitrant nature of olive 
for in vitro regeneration. 
The cultivar Picual is the most popular in Spain for olive 
oil production and is the principal target for genetic 
transformation in this species. Pérez-Barranco et al. 
(2007) recently reported advanced biotechnological 
approaches for genetic improvement in olive. These 
authors developed an efficient system for the 
regeneration of young plantlets using somatic 
embryogenesis in root segments of mature zygotic 
embryos. According to these authors, this is the first step 
toward developing an efficient protocol for the genetic 
transformation of the Picual cultivar. 
In addition to an efficient system for DNA integration, 
the successful transformation of plants requires an 
efficient selection of positive events by permitting the 
regeneration of transgenic cells and inhibiting the 
proliferation of escapes, which are tissues that were not 
transformed but were able to survive even in the 
presence of the selective agent. According to Pérez-
Barranco et al. (2009), in olive, these parameters of 
genetic transformation still require intensive optimization 
to make this species more responsive and allow the 
adoption of genetic transformation as a routine 
procedure. The high rate of generation of escapes 
operationally prevents any attempt at transgenic event 
production on a large scale, either for scientific objectives 
or for commercial purposes, because it considerably 
increases the cost associated with the genotypic and 
phenotypic analysis of events. 
There are different methods of transformation, and the 
choice of method depends on the species to be 
transformed, the type of explants to be used (callus, 
zygotic embryo, leaf tissue, protoplast, etc.), the 
regeneration capacity of the explant and the availability of 
the materials (Cançado et al., 2009). Plant genetic 
transformation    techniques    are    classified    into    two  
  
 
 
 
categories: direct and indirect genetic transformation. The 
direct genetic transfer of DNA is based on physical and 
chemical methods, such as biolistics (also known as 
particle bombardment), electroporation and PEG 
(polyethyleneglycol), while indirect genetic transformation 
of DNA uses the bacterium Agrobacterium tumefaciens 
or Agrobacterium rhizogenes as a vehicle of 
transformation (Chilton et al., 1982). 
Results for the genetic transformation of olive have 
been limited. Lambardi et al. (1999) tested different 
devices and bombardment conditions for the transient 
transformation of somatic embryos of the olive cultivar 
Canino, without success. Recently, Pérez-Barranco et al. 
(2007) obtained transient expression of the gus gene in 
plants derived from olive embryonic cells by particle 
bombardment. Torreblanca et al. (2010) obtained a 
transformation frequency of 20 to 45% with the A. 
tumefaciens system and observed stable expression of 
the npt-II (neomycin phosphotransferase) gene, which 
confers antibiotic resistance in leaves of genetically 
transformed olive. The genetic transformation of the olive 
cultivar Canino with the rol ABC genes (plant oncogenes 
of A. rhizogenes) meditated by A. tumefaciens (Rugini et 
al. 2000; Rugini and Gutierrez-Pesce, 2006) has also 
been reported. This gene is responsible for the 
modification of vegetative growth patterns and stature of 
the plant. D’Angeli and Altamura (2007) also transformed 
olive with a gene that encodes the synthesis of osmotina, 
a compound involved in increasing resistance to abiotic 
stress. Mencuccini et al. (1999) used A. tumefaciens to 
introduce the rol ABC genes in the cultivar Dolce Agogia, 
using leaf petioles as the explant for transformation. 
In addition to putative restrictions due to environmental 
effects (gene flow) and allergenicity, incorporating genetic 
transformation in olive breeding provides the attractive 
advantage of speed; the establishment of a new cultivar 
using traditional methods may take decades. The risks 
involved with this technology can be efficiently reduced or 
even avoided by the careful application of safety 
practices, thus potentially mitigating possible harmful 
effects to the environment and consumers. 
 
 
MOLECULAR MARKERS FOR THE GENETIC STUDY 
OF OLIVE 
 
The cultivation of olive trees for thousands of years and 
the commercial cultivation of a few genotypes all over the 
world has resulted in a decrease in genetic diversity into 
this species. In addition, the occurrence of synonymous 
(different names for the same varieties) and 
homonymous (different varieties with the same name) 
varieties are frequent in this species and complicate the 
standardization of variety names. Therefore, the accurate 
identification of accessions is one of the basic 
requirements for the correct management and 
preservation of olive  germplasm.  The  identification  and  
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characterization of olive accessions are also critical for 
commercial applications because the quality and quantity 
of olive products are influenced by the properties of the 
varieties. By contrast, O. europaea is highly variable with 
respect to oil content, fruit size, and resistance/tolerance 
to biotic and abiotic stress (Bartolini et al., 1998). In the 
specific case of Brazilian olive germplasm, the absence 
of knowledge about genetic diversity is a barrier to its full 
utilization in breeding programs and the integration of 
other methods of germplasm conservation (for example, 
in vitro cultivation).  
However, molecular markers are frequently used in 
diverse applications for the genetic characterization of 
olive trees, such as genotyping, pedigree analysis, 
identification of quantitative trait loci (QTLs), marker-
assisted selection (MAS), parental selection and heterotic 
grouping, genetic mapping, formation of nuclear 
collections, identification of synonyms and homonyms, 
and tracking of gene insertion in transgenic olives, in 
addition to other uses. 
 
 
IDENTIFICATION OF OLIVE CULTIVARS USING DNA 
FINGERPRINTING 
 
For successful olive cultivation, the use of genetically 
certified plants is essential because quality and 
productivity are inherent to the genetic potential of each 
variety. There is high genetic diversity among available 
commercial varieties of olive, and in general, this high 
diversity results in significant alterations in characteristics 
such as oil content, fruit size, seed size and 
resistance/tolerance to biotic/abiotic stresses. 
Consequently, the accurate identification of olive varieties 
is fundamental for the optimum use of this crop. The use 
of molecular markers in association with morphological 
characterization is already being employed to identify 
olive varieties more accurately. In addition, outcrossing 
fertilization among cultivars makes this species a good 
model for molecular marker studies (Souza et al., 2012). 
The identification of olive accessions or varieties is 
traditionally realized through the analysis and comparison 
of morphological and agronomics traits, most of which 
are only available during the stages of flowering and 
fruiting. Because olive requires three to five years to 
begin fruiting, the use of this method does not allow the 
early identification of mistakes or segregating plants. In 
addition, the phenotype of plants can be significantly 
altered by environmental effects, such as nutritional and 
sanitary status (Hannachi et al., 2008), making it more 
difficult to identify specific varieties. Another drawback is 
the excessive number of olive varieties available, more 
than two thousand, which makes the morphological 
differences among many of them very small and difficult 
to distinguish. To overcome this limitation, the use of 
molecular markers is becoming routine for the precise 
identification of olive cultivars. 
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In addition, molecular markers can be applied in early 
stages of development, even in embryos and plantlets. It 
is not a destructive method and requires a very small 
amount of plant tissue. Therefore, the use of molecular 
markers has become a very attractive technique. 
Nevertheless, the most important advantage of molecular 
markers is the high level of genetic identification, which is 
directly related to the nucleotide sequence of the DNA, 
eliminating any chances of external interference caused 
by environmental variation. 
Molecular markers based on the polymerase chain 
reaction (PCR), such as random amplification of 
polymorphic DNA (RAPD), ISSR and microsatellite 
(SSR), have been used frequently with the objective of 
identifying olive plants. These techniques require modest 
laboratory infrastructure and are relatively low-cost when 
compared with other techniques. However, the cost of the 
amplified fragment length polymorphism (AFLP) 
technique is average compared with the other 
techniques, although it does not requires the very 
complex infrastructure that is frequently used for genetic 
study in olive trees. 
The development of markers based on the sequencing 
of double-stranded DNA, such as single-nucleotide 
polymorphism (SNPs), has also been shown to be 
efficient for the identification of varieties or accessions of 
olive (Reale et al., 2006; Hakim et al., 2010). The 
application of this class of molecular markers in olive 
studies has been limited, but this will change in coming 
years with the adoption of new high-throughput DNA 
sequencing technologies (Sousa et al., 2009). 
Currently, microsatellite molecular markers are some of 
the most applied in olive variety identification studies. 
Microsatellite molecular markers exhibit high 
reproducibility, enabling information exchange, data bank 
assembly and result standardization among different 
laboratories and research groups. 
Many research studies have shown that a few 
microsatellite markers are sufficient to distinguish more 
than 100 olive genotypes (Muzzalupo et al., 2008; Sarri 
et al., 2006). These authors suggested that it is essential 
to select the correct combination of microsatellite markers 
to optimize the detection of genetic polymorphisms 
among the varieties to be analyzed.  
Recently, Baldoni et al. (2009) examined 37 SSR 
markers in 21 varieties of olive. Analyses were performed 
independently in four distinct laboratories with the aim of 
standardizing the identification methodology among the 
laboratories. Each SSR marker was evaluated based on 
its reproducibility, discriminating power and the number of 
alleles amplified per sampled locus.  
The pre-selected markers were used to identify 77 
varieties of olive from different geographic origins. The 
result of this study identified a group of 11 standard 
microsatellite markers that can be used to identify olive 
varieties and generate a universal data bank of allelic 
profiles for this species. 
 
 
 
 
GENETIC DIVERSITY STUDIES IN OLIVE 
 
Genetic diversity is the variation among individuals in 
terms of the composition of genetic information or 
hereditary units (genes and its alleles) contained in all 
living species. This diversity involves not only different 
species but also individual populations of the same 
species that share similar characteristics. Genetic 
diversity is fundamental for maintaining the heterogeneity 
of species, which increases the effectiveness of their 
response to environmental changes. 
The results that follow pertain to the genetic 
characterization of 60 olive accessions maintained in a 
germplasm bank in Brazil. The aim of the study was the 
measurement of genetic diversity using microsatellite 
markers and the detection of putative synonymous and 
homonymous varieties, as well as the assembly of all 
accessions into heterotic groups. This last resource is 
very useful for plant breeders because it maximizes 
crossing capacity by indicating the best parental 
combinations to be hybridized (Val et al., 2012). 
Accessions from different regions of the world and 
varieties developed by the Brazilian olive breeding 
program were evaluated (Val et al., 2012). Thirteen SSR 
markers previously indicated as polymorphic for olive 
species (Chafari et al., 2008; Carriero et al., 2002; 
Cipriani et al., 2002) were used in this study. The data 
analysis permitted the identification of four main groups 
(Figure 3). Each predominant color on the graph 
represents each of the four groups identified by genetic 
analysis of the 60 accessions. 
The principal coordinate analysis (Figure 4) also 
indicates the genetic dispersion of these olive accessions 
into four main groups. Based on the knowledge of the 
dispersion of the accession, an olive breeder can select a 
genotype combination with greater accuracy and 
precision, increasing the genetic gain by prioritizing the 
crossing of more divergent parents, improving the use of 
the available genetic variability, and, consequently, the 
probability of obtaining superior genotypes. 
Because the knowledge produced from the molecular 
marker data is free from environmental interference or 
other difficult-to-measure factors, they allow the 
estimation of genetic variability with far more precision 
than that obtained by using phenotypic traits. Thus, the 
relative extent of the genetic potential of each olive 
accession is easily determined, but this information still 
must be confronted and correlated with agronomic traits, 
even if the molecular markers are very accurate. 
 
 
EVALUATION OF CROSS-POLLINATION AND SELF-
INCOMPATIBILITY IN OLIVE 
 
Plants are classified as autogamous, allogamous or 
mixed based on the sexual reproduction system. This 
information  is  essential  for  genetic  breeding   because  
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Figure 3. Bayesian analysis of 60 accessions of olive from the germplasm bank of EPAMIG, as produced by STRUCTURE version 2.3.1 indicating the 
existence of four distinct groups. Source: Val et al. (2012).  
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Figure 4. The assembly of 60 accessions of olive from the germplasm bank of EPAMIG, 
generated by Software GenAlex version 6 and indicating the existence of four overlapping 
populations (pop). Source: Val et al. (2012). 
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breeding methods are specific for each goal and differ 
depending on the reproduction of each species. 
However, the correct identification of the mode of sexual 
reproduction and knowledge of compatibility among 
cultivars are fundamental for the management of 
orchards because these factors directly alter the 
efficiency of fertilization and yield, among other 
outcomes. 
Olive is considered allogamous, although some studies 
indicate that this condition varies depending on the 
cultivar and environment. According to Besnard (2007), 
olive is a diploid species (2n = 46) whose pollination 
occur principally by wind and whose seeds are dispersed 
by birds, animals and man. Cuevas and Polito (2004) 
classified olive as andromonoic (presenting perfect 
flowers, hermaphrodites, and male flowers in the same 
inflorescence), but according to Doveri et al. (2006), even 
if olive presents only hermaphrodite flowers, some 
cultivars are considered sterile males while others 
present only staminate flowers. Cuevas and Polito (2004) 
detected self-incompatibility in olive after observing that 
pollen tubes are not able to grow through the pistil and 
reach the ovule, preventing fertilization during self-
pollination of olive genotypes. Meanwhile, the pollen 
tubes resulting from cross-pollination grew up through the 
pistil, reached the ovule and accomplished fertilization. 
Studies of the compatibility of olive cultivars via pollen 
exchange have yielded inconsistent results, most likely 
due to differences in the environments in which the 
studies were conducted (Mookerjee et al., 2005); factors 
such as temperature, nutrition state, wind, and relative 
humidity can affect the rate of pollination.  
Therefore, molecular markers can be a very useful tool 
to study fertilization in olive and to understand the self-
incompatibility and cross-pollination of olive genotypes by 
tracking pollen donors and the flow of alleles in olive 
populations. Olive breeders who use uncontrolled cross-
pollination for progeny generation frequently use 
molecular marker techniques to assist in the identification 
of putative male genitors. Mookerjee et al. (2005) used 
eight microsatellite markers to track paternity in olive 
plants, demonstrating the efficiency of this methodology 
to determine the frequency of pollen donors in seeds of 
olive trees growing in a mixed orchard. Among the 13 
olive varieties evaluated, self-fertilization was rarely 
observed. Conversely, Souza et al. (2012) used 
microsatellite and ISSR markers to demonstrate a high 
rate of allogamy in two olive cultivars, Ascolano USA and 
MGS GRAP541, growing in a field among sixty olive 
genotypes. These same authors concluded that the 
number of pollen donors ranged from 4 to 5 in Ascolano 
USA and from 6 to 8 in MGS GRAP541. 
Diaz et al. (2006) studied self-compatibility in olive by 
testing seeds obtained from a stock plant of the cultivars 
Picual and Arbequina. In their study, they used four 
microsatellite markers and concluded that these cultivars 
are   self-incompatible.   Rallo  et  al.  (2000)   also   used  
 
 
 
 
microsatellite markers to confirm Mendelian segregation 
in a population of olive obtained by crossing the cultivars 
Leccino and Golce Agogia. Guerin and Sedgley (2007) 
used microsatellite markers to study cross-pollination and 
self-pollination in olive cultivars in two distinct locations. 
The results obtained confirmed the occurrence of self-
incompatibility and cross-incompatibility in the cultivars 
studied. 
Therefore, the application of molecular markers for the 
identification of olive cultivars, the evaluation of 
compatibility among genotypes, the tracking of paternity, 
and the optimization and selection of pollen donors can 
assist olive breeding programs. In addition to olive 
breeding, molecular markers have also proven to be a 
powerful tool for increasing field yield, given the 
peculiarities of the sexual reproduction of this species. 
 
 
GENETIC MAPPING AND THE OLIVE GENOME 
 
Genetic linkage maps and recombination information 
based on data generated by molecular markers are 
essential tools for genetic research and breeding of many 
plant species. These maps assist the analysis and 
selection of complex characteristics and are useful in 
studies of specific genes involved in the control and 
expression of polygenic traits (Tanksley, 1993). Given the 
long juvenile phase of olive, the use of marker-assisted 
selection (MAS) associated with QTL in breeding 
programs can accelerate the development and delivery of 
new cultivars. Because the selection can be started in 
young seedlings by identifying plants possessing 
molecular markers associated with important QTL, 
breeders are able to reduce the number of candidate 
genotypes evaluated until the adult and productive stage. 
Consequently, the use of molecular markers permits a 
reduction of the time and cost involved with the 
maintenance of plants in the field. 
Wu et al. (2004) produced a genetic linkage map for 
olive varieties using molecular markers, such as 
microsatellite, RAPD, SSR and Sequenced 
Characterized Amplified Region (SCAR), and mapped 23 
and 27 linkage groups in the olive varieties Kalamata and 
Frantoio, respectively. According to these authors, the 
genetic linkage group identified can be the reference 
point for understanding the structure, evolution and 
function of the olive genome. In addition, gene mapping 
using molecular markers can permit the association of 
morphological and agronomic traits, improving the 
selection of genitors and reducing the time necessary for 
the development of a new cultivar. 
With the advent of high-throughput DNA sequencing 
and resequencing, the time and cost involved in this 
approach has been significantly reduced (Sousa et al., 
2009). It is already possible to have detailed knowledge 
of the genome of an organism after a few weeks of 
sequencing.  With   the   information   generated   by   the 
  
 
 
 
complete   sequence   of   the  genome,  it  is  possible  to 
identify the combination of genes responsible for the 
phenotype of an organism, as well as the factors that 
control their expression. A new branch of genome 
science studies the conservation among genomes and 
the order and number of genes in chromosomes of 
different organisms, providing researchers a new 
perspective on the progress of evolution and inferring 
with high accuracy the degree of relationship among 
species and the putative moment of genetic divergence. 
For plant breeding, the convenient applications of this 
knowledge are enormously important, particularly for the 
production of genetically modified plants. As reported 
above, the use of transgenic plants is already a reality for 
global agriculture, including Brazil, which is second in the 
world in cultivated area (James, 2009). 
Although the complete genome of olive is still not 
available, Cattonaro et al. (2008) have used preliminary 
and incomplete data to suggest that the olive genome 
seems to be highly different from other species with a 
large genome size. According to these authors, 
preliminary evaluations indicate that a low percentage of 
transposable elements and a large number of repetitive 
sequences appear to be responsible for the large 
genome size of olive (1,400 to 1,500 Mbp). According to 
Bracci et al. (2011), several groups are working on the 
sequence of the olive genome, including the OLEAGEN 
genomics project. In addition, functional genomes have 
been described, mainly with the Expressed Sequence 
Tags (EST) approach, such that many sequences are 
now available. The central focus has primarily been 
genes that are differentially expressed in olive fruit and 
pollen allergen genes (Bracci et al. 2011). 
Recently, Mariotti et al. (2010) published the sequence 
of the chloroplast genome of the Frantoio cultivar, which 
yielded some interesting results. First, the gene order and 
the genome organization are similar to those of other 
angiosperm species. Second, no inversion, gene 
duplication, insertions, inverted repeat expansion, or 
intron losses were identified in this organelle genome. 
Finally, some interesting polymorphisms were detected in 
the sequence alignments of six cultivated olives. 
 
 
TRACEABILITY OF OLIVE OIL BY USING 
MOLECULAR TOOLS 
 
Olive oil is the most prized product from olive trees. 
Extra-virgin and virgin olive oils are obtained 
mechanically by crushing fresh olive fruits (Brasil, 2005). 
The characteristics of olive oil are influenced by different 
environmental factors, such as plant nutrition, plant 
sanity, and plant age, but the intrinsic characteristics of 
the olive cultivar are considered the most determinant 
factors for olive oil quality. Varietal oil is considered 
superior to oils derived from unidentified plants or a mix 
of  several  cultivars.  However,  the   traceability   of   the 
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product from the field through industrial processing to its 
distribution in markets and customers is an expensive 
practice. Therefore, reliable, fast and low-cost methods 
can facilitate the monitoring of the authenticity and 
identification of the cultivars involved in the production of 
olive oil. Molecular markers meet these criteria, even if 
the sample has been subjected to some transformation 
and processing. Therefore, the use of this technique for 
the purpose of oil traceability increases the value of the 
product. 
The use of olive cultivars with low suitability for oil 
production reduces the quality of the olive oil. Moreover, 
the practice of adulterating olive oil by adding other, 
lower-cost vegetable oils is a frequent practice in some 
areas. For mixtures, chemical analysis is sufficient to 
confirm the authenticity of the product. However, when 
the objective is to identify olive oil of different cultivars, it 
is necessary to investigate the presence of genomic DNA 
from varietal contaminants. 
In this case, molecular markers can be used because 
they are able to detect genetically distinct samples with 
high accuracy. Different markers are used to track the 
identity of olive oils to certify the quality of the final 
product. Alba et al. (2009) used microsatellite markers to 
evaluate the quality and origin of Italian olive oils 
produced from 7 certified olive cultivars. They compared 
the DNA from leaves against the olive oil from the fruits of 
the same plant. Doveri et al. (2006) used microsatellite 
markers, SCAR and SNPs to verify the presence of DNA 
of the pollen from the donor plant in olive oil from the 
cultivar Leccino. Pasqualone et al. (2007) also evaluated 
the efficiency of microsatellite markers for the 
identification of Italian olive oil using different mixtures of 
samples from olive oils produced from 5 different olive 
cultivars. In Italy, Muzzalupo et al. (2007) used 
microsatellite markers to determine the monovarietal 
origin from fruits with and without seeds and under 
different conditions of DNA extraction and amplification. 
These authors compared the results of the DNA obtained 
from oil samples with the results of the DNA from leaves 
of the same olive cultivar. 
Despite the importance and applicability of molecular 
marker techniques in the olive processing industry, some 
studies have reported bottlenecks that could reduce their 
efficiency. These bottlenecks include the high-level 
degradation of genomic DNA during the process of oil 
production, which reduces the efficiency of DNA 
amplification and identification. Consequently, the 
availability of one efficient method for DNA extraction 
from olive oil is crucial for the incorporation of molecular 
marker techniques for routine quality analysis. 
International standardization of sampling and analysis 
methods, as well as the creation of a network of 
reference laboratories, are also required to validate 
results. Furthermore, results published by Doveri et al. 
(2006) confirmed that, in addition to maternal DNA, olive 
oil   also   contains  alleles   donated   by   several   pollen 
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donors. In this context, olive oil DNA profiles should be 
interpreted carefully. 
 
 
CONCLUSIONS 
 
The aim of this review was to present the state of the art 
of the applications of biotechnology and molecular 
biology to the olive tree, as the consumption of olive 
products is growing due to their health benefits and 
excellent gastronomic and organoleptic qualities. For that 
reason, the commercial cultivation of olive is being 
encouraged by agroindustry and organized sectors of 
agriculture, such as cooperatives and farmer 
associations, stimulating the introduction and fast 
expansion of olive orchards in several areas of the world. 
In Brazil, practically all olive oil and other olive products 
that are domestically consumed are still being imported 
from other countries, but this scenario has changed 
rapidly in recent years. 
To stimulate an increase in the sustainability and 
economic efficiency of olive production in countries in 
which this crop is not traditionally cultivated, such as 
Brazil, it is necessary to develop local varieties that are 
better adapted to specific environments. In addition, 
economic and environmental efficiency will also be 
improved by delivering technologies that are suited to 
each environment and present innovative solutions not 
only for olive breeding but also for soil and irrigation 
management, pruning and harvesting methods, plantlet 
production, and post-harvest and fruit processing, among 
other issues associated with the cultivation of this crop. 
Therefore, modern biotechnologies, such as in vitro 
micropropagation, cloning via somatic embryogenesis, 
molecular marker-assisted selection, functional genomics 
and genetic transformation, are good examples of how 
adopting correct technological approaches can benefit 
the commercial, environmental and social aspects of the 
growth of plants such as olive trees. 
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